Helicobacter pylori (Hp) drug resistant rate to clarithromycin (CLA) has increased to 20% to 50%, which cause concerns regarding its effectiveness in eradicating Hp, we aim to evaluate the cost-effectiveness of CLA-based versus furazolidone (FZD)-based quadruple therapy, and assess factors that affect anti-Hp efficacy.
Introduction
Drug-resistance rates of Helicobacter pylori (Hp) to clarithromycin (CLA), metronidazole, and levofloxacin have been increasing over the past decades in many regions of the world and in China. Accordingly, the eradication regimens containing these medicines usually result in poor treatment effectiveness. [1] [2] [3] [4] [5] [6] Reports have indicated that the primary drug-resistance rates of Hp to CLA range from 20% to 50%, to metronidazole are 40% to 70%, to levofloxacin at 20% to 50%, but to amoxicillin (AMX) only at 0% to 5%, and to furazolidone (FZD) at 0% to 1% in Chinese population. [1, 6] Therefore, selection of proper treatment regimen with high eradication rates and fewer drugresistant incidences is of critically important for Hp eradication. Quadruple therapies with proton pump inhibitor (PPI), bismuth, and combination of 2 antibiotics have recently been recommended as one of the preferred options for anti-Hp therapy by several national guidelines. [1, 2] FZD is a nitrofuran antibiotic, which has been historically used in treatment of peptic ulcers, and has shown high potency and safety for Hp eradication especially when used together with bismuth compounds. [7] A meta-analysis on efficacy and safety of FZD containing regimen has indicated that FZD-regimen is superior to other antibiotic-containing therapies, such as metronidazole-containing therapy, and the eradication rate could reach 92.9% (95% confidence interval [CI] : 90.7-95.1) by per-protocol (PP) analysis. [8] Liang et al [9] use 14-day quadruple regimen that contains lansoprazole, bismuth potassium citrate, AMX, and FZD to treat patient and achieve eradication rates of 99.0% in PP analysis, and 95.2% in intention-to-treat (ITT) analysis, respectively.
Studies have also reported that FZD-based quadruple regimens at low FZD dose (100 mg bid) fail to yield acceptable eradication rates [10] ; at higher dose (200 mg bid), the eradication rate is significantly increased, but incidences of side effect are also occurred more frequent, mostly due to gastrointestinal discomfort, which have affected the use of FZD in Hp eradication. [8, 10, 11] Among the commonly used drugs to eradicate Hp, AMX provides lower drug-resistance rate, and its secondary resistance rate is also very low. [1, 12] However, comparison the cost and efficacy of bismuth quadruple regimen combined with FZD, AMX, and/or CLA for eradication of Hp is lacking clinical data in this region which has variable Hp infection rates, and it is not clear if FZD-AMX combination is superior to present commonly used bismuth-CLA-based quadruple therapy. In this study, we compare the efficacy, safety, cost, and compliance of FZD-based quadruple regimen with routine CLA-based quadruple therapy in initial treatment for Hp-infected patients, and identify factors that affect eradication efficacy in order to obtain an optimal approach for clinical practice.
The results indicate that FZD-based quadruple therapy including esomeprazole, FZD, bismuth potassium citrate, and AMX for 14 days provides satisfactory results for Hp eradication; despite increasing CLA-resistance incidences, CLA-based treatment still achieve acceptable effects in this region, although it is not as cost-effective as FZD-based regimen. These results provide insights and options for choosing optimal regimen in clinical practice during treating Hp infection-related upper gastrointestinal disorders.
Materials and methods

Patients
This single-center, prospective, randomized control open-label study was conducted at People's Hospital of Zhengzhou University, in Zhengzhou, Henan province, China. Henan province is the largest province in China with a population near 100 million, and social-economic conditions vary greatly between urban and rural areas. From October 2015 to May 2017, a total of 185 patients were enrolled from outpatient clinics and inpatient wards, mainly due to upper gastrointestinal discomfort. Hp infection was determined by histopathology, 13 C-or 14 C-urea breath test (UBT). Inclusion criteria included all infected patients with age range from 18 to 70 years without previously Hp eradication treatment prior to enrollment, and verbal consent was obtained from all patients participated in the study.
Exclusion criteria were as follows: taking antiacid medicines such as PPIs or H 2 -receptor blockers in previous 2 weeks; taking bismuth salts, antibiotics, or other medicines that could influence study results in past 4 weeks; severe concomitant diseases such as liver, kidney, or cardiac dysfunction; planning to be or being pregnant, or lactating; people with mental illness or severe neurosis affecting correct expression or study; history of allergy to any medicines used in current study; and lost in follow-up.
The criteria for terminating study were as follows: serious side effects that could not be tolerated; exacerbation or serious complications such as perforation and gastric hemorrhage; and other serious diseases that require drug intervention.
Drugs
Drugs used in this study were as follows: FZD was from Yunpeng Pharmaceutical Co. Ltd, Shanxi, China; esomeprazole was from AstraZeneca Pharmaceutical Co. Ltd, Jiangsu, China; AMX was from Zhuhai Federal Pharmaceutical Co. Ltd, Guangdong, China; bismuth potassium citrate was from Furen Pharmaceutical Group Co. Ltd, Henan, China; and CLA was from Yangtze River Pharmaceutical Group Co. Ltd, Jiangsu, China. All drugs were routinely prescribed in hospital pharmacy.
Determination of Hp infection in patients
The status of Hp infection was determined by 1 of the 3 methods: positive in histologic staining by upper GI endoscopic biopsy, positive for 14 C-UBT (HCBT-01, Headway Biological Technology Co. Ltd, Shenzhen, China) or positive for 13 C-UBT (HY-IREXC 16 channel, Huayou Mingkang Photoelectric Technology Co. Ltd, Guangzhou, China).
UBT was performed after overnight fasting, a baseline breath sample was obtained by blowing certain basal gas into a container, and a powder capsule containing 13 C-UBT or 14 C-UBT was given to patients with 80 to 100 mL water, another breath sample was collected 30 minutes later. The test was considered positive if the differences between baseline sample and 30-minute sample exceeded 4.0 arbitrary units for 13 C-UBT, and 100 arbitrary units for 14 C-UBT tests. Post-treatment Hp status was assessed by UBT 4 weeks after finishing the treatment, Hp was considered eradicated if UBT result was negative.
Hp eradication regimens and duration
Patients were randomly allocated into 2 groups. FZD group, including FZD (100 mg, bid), esomeprazole (20 mg, bid), bismuth potassium citrate (220 mg, bid), and AMX (1000 mg, bid) for 14 days; CLA group, same as the above drugs except FZD was replaced by CLA (500 mg, bid) for 14 days. Esomeprazole and bismuth were taken 30 minutes before meal, AMX, CLA, and FZD were taken 30 minutes after meal. 
Evaluation of symptom remission after treatment and adverse events
Patient's survey results and clinical data were recorded and analyzed. Remission of clinical symptoms, adverse events, and drugs used were recorded by follow-up or outpatient questionnaire sheet. The symptom grades, based on the degree of affection on patient's daily life and/or work, were classified as follows [13] : Level 0, asymptomatic; Level 1, mild with no affection on daily activity; Level 2: moderate, tolerable but affecting daily activity; Level 3: serious and medications were needed. Therapeutic efficacies of all patients were categorized into 3 groups: improved, symptoms disappear; effective, symptoms reduced at least 1 level; ineffective, symptoms not improved or even aggravate. The total effective rate = 1 -inefficiency.
Adverse events were questioned and recorded during treatment period, including time, frequency, duration, severity and whether the patients need to withdrawal or treatment. The severity of adverse events was classified as: no side effect, mild (no limitation in daily activity), moderate (partial limitation in daily activity), severe (significant limitation in daily activity and withdrawal), serious (disability, need to be hospitalized or intervened to prevent permanent injury or even death).
Cost-effectiveness analysis between FZD and CLA groups
Cost (C) is the total cost of each regimen of drugs. Effectiveness (E) represents therapeutic effect of a regimen. In this study, the eradication rate of Hp was used as an indicator of effectiveness. Cost-effectiveness ratio (C/E) and incremental cost-effectiveness ratio were used to evaluate the cost-effectiveness analysis.
Incremental cost-effectiveness ratio (DC/DE) referred to the ratio of cost difference to effectiveness between FZD-based scheme and CLA-based scheme; which means the cost of each unit effect increased by former scheme.
Statistical analysis
Data were analyzed using SPSS software (Version 24, IBM Corp, New York, NY). Continuous variables were presented as mean± standard deviation, while categorical variables were presented as percentages or frequencies.The efficacy, frequency of side effects, and relieve rate of clinical symptoms were analyzed using chi-squared test or Fisher exact test. Single factor analysis was used to evaluate factors affecting eradication rate. Based on ITT and PP, data efficacy were assessed, P values < .05 were considered statistically significant.
Results
Patients' demographic and baseline characteristics
Enrolled patient flowchart was shown in Fig. 1 . A total of 185 patients were enrolled and randomly allocated into 2 groups: FZDbased and CLA-based groups. Three patients in FZD group and 2 patients in CLA group discontinued treatment due to adverse effects of therapy. One hundred eighty patients including 89 patients in FZD group and 91 patients in CLA group completed the study with excellent compliance. One hundred forty-six patients completed gastroscopy, of which 31 were peptic ulcers and 115 were chronic; in treatment groups, 2 cases in FZD group, 1 case in CLA group discontinued the study due to intolerance to medicines. Demographic and baseline characteristics of patients were shown in Table 1 2), respectively (P = .378) ( Table 2 ).
Evaluation of symptom remission during Hp-treatment in 2 groups
In FZD group, of the 89 patients who had completed study, the symptoms in 55 cases were improved, in 30 cases were effective, 4 cases were ineffective, and symptom relief rate was 95.51% (85 of 89 cases). In CLA group, of the 91 patients, symptoms in 48 cases were improved, in 38 cases were effective, 5 cases were ineffective, and the total effective rate was 94.51% (86 of 91 cases), no significantly difference was detected between 2 groups (P > .05) ( Table 3) . Table 4 shows the list and proportion of adverse effects, 31 of the 185 patients had adverse events (16.76%). Adverse events occurred in 18 of 92 patients (19.57%) in FZD and 13 of 93 patients (13.98%) in CLA groups, but the rates were not statistically different between the 2 groups (P = .309). Majority of adverse effects were mild and moderate, the most common side effects was nausea (9.73%, 18 of 185 cases). The severe side effects were 3.26% (3 out of 92 patients) in FZD group and 2.15% (2 out of 93 patients) in CLA group, and no significant difference was noted between the 2 groups (P > .05), these patients discontinued medication; no serious adverse effects were reported.
Adverse events during Hp-treatment in 2 groups
Cost-effectiveness ratio of FZD and CLA groups
Total drug cost of a single treatment course in FZD and CLA treatment group were $70.05 and $89.43, respectively, the cost in FZD group is 20.12% cheaper than that of CLA group. Costeffectiveness ratios in FZD and CLA groups were 0.75 and 1.02, respectively, and incremental cost-effectiveness ratio was À3.62 (Table 5 ).
Factors affecting Hp eradication rate in FZD and CLA groups
The patient's gender, age, body mass index, status of cigarette smoking, level of alcohol drinking, educational level, and urbanrural distribution showed no effects on Hp eradication rates in both groups (P > .05); different type of diseases such as diabetes mellitus, hypertension, cerebrovascular accident, liver disease, and hyperlipidemia also do not affect Hp eradication rates in both groups (P > .05) ( Table 6 ). .220 CI = confidence interval, CLA = clarithromycin, FZD = furazolidone, ITT = intention-to-treat, n = patient number, N = total patient number, PP = per-protocol. 
Discussion
An optimal anti-Hp regimen is defined as one that reliably produces cure rate of 90% or greater for treatment, and an acceptable therapy as 85% to 89% cure rate. [14] CLA is one of the most commonly used drug in eradicating Hp worldwide with variable eradication rates; however, increasing Hp resistant to CLA has caused concerns for its efficacy during clinical practice. We therefore compare it with FZD, a drug that has fewer drugresistance incidences, to assess their cost and efficacy during Hp eradication.
Multiple early trails in various doses and regimens such as low dose and sequential therapy have shown that FZD is tolerable and has good Hp eradication rate, and it may replace CLA in various strategies. [8] [9] [10] [11] 15] Studies in 2001 compared Hp eradication rates with quadruple regimen containing FZD and CLA combined with bismuth, and found no significant difference between 2 groups; Hp eradication rates in FZD and CLA group were 84%, 85% for ITT analysis, respectively, and 90% for both in PP analysis. [11] Our study also shows that FZD-containing regimen achieves satisfactory eradication rate 90.22% in ITT analysis (95% CI: 84.0-96.4) and 93.26% in PP analysis (95% CI: 87.9-98.6). But these results are differ from others who showed that daily 100 mg bid FZD regimen achieved relatively poor results with PP ranging from 56% to 85.7% in Iran (weighted mean ITT was 67%), [16] the difference may be related to geographic distribution, culture, population variations, or patient compliance.
Similarly, the eradication rates of CLA-containing regimens also vary in different regions in China. In 2010, a study from Shanghai evaluated Hp eradication rate using 14-day CLA, PPI, bismuth, AMX quadruple therapy, and noted this regimen achieved eradication rates at 93.7% (95% CI: 88.3-99.0) in ITT analysis and 97.4% (95% CI: 93.8-100) in PP analysis. [17] Another randomized, open-label trail in 2013 investigated CLAbased quadruple 10-day regimen in different regions, and noted the eradication rates in CLA low-resistance area in Shanghai were 81.3% in ITT analysis and 89.7% in PP analysis, compared with CLA-high resistance area in Xi'an with eradication rates only at 50.0% in ITT analysis and 53.6% in PP analysis, respectively, [9] the results suggest that there are geographic variations in CLAcontaining regimen. Our study find Hp eradication rates in CLAbased regimen is 86.02% (95% CI: 78.8-93.2) in ITT analysis, and 87.91% (95% CI: 81.1-94.7) in PP analysis. This indicates that Hp has relatively low drug resistance to CLA and AMX combination in this region.
FZD is effective against both gram-negative and gram-positive bacteria, its antibacteria mechanisms are similar to nitroimidazole (such as metronidazole), which mainly interferes with the function of a variety of reductase through 5-nitro group oxidation reduction, thus inhibiting bacteria energy metabolism and exerting antibacterial effect. However, FZD-resistance mechanism is different from metronidazole and does not produce cross resistance. [18, 19] The major limitation for widespread use of FZD appears because of its side effects related to digestive tract, such as nausea, anorexia, dizziness, abdomen discomfort etc., which are due to monoamine oxidase inhibitory effects of this drug. [20] Additionally, doses and duration of FZD also affect the incidence of side effects. [16] A study compare the incidence of adverse reactions with 14-day regimens containing FZD has found that as the dose increases from 100 to 200 mg (twice a day), the severe or intolerant side effects leading to the discontinuation of treatment increased from 6% to 20%, including dizziness, abdominal pain, and anorexia. [10] Others note that with higher daily dose of FZD (>200 mg/d), the incidences of some adverse effect such as fever and anorexia were increased over control group, but overall incidences of total side effect and severe side effect did not increase. [8] In our study, at 100 mg bid daily doses, the total incidence of adverse reactions DC/DE = incremental cost-effectiveness ratio, C/E = cost-effectiveness ratio, CLA = clarithromycin, FZD = furazolidone. Table 6 Analysis of factors influencing Hp eradication efficacy.
Patients
FZD group (n = 89), n (%) P CLA group (n = 91), n (%) P (%) = eradication rate per group, BMI = body mass index, CLA = clarithromycin, FZD = furazolidone, n = patient number, NUD = nonulcer dyspepsia, PUD = peptic ulcer diseases.
Gender
Yi et al. [21, 22] therefore regimens that containing CLA are assumed to have reduced Hp eradication rates and more treatment failures. However, the results indicate that CLA-AMX regimen still possesses around 85% eradication rate, although we did not perform Hp culture to identify CLA-resistant Hp strains, it appears the second antibiotic, AMX, might be effective regardless of CLA-resistant status. FZD regimen does result in slightly higher eradication rate when compared with CLA group, but the difference is not obvious, the reason is probably due to our patient number are not large enough, future larger number clinical trials should be helpful to address these issues.
The factors that lead to Hp eradication failure include several aspects: antibiotic resistance, bacterial virulence factors, drug pharmacodynamics and pharmacokinetic effects, drug interactions, and poor patient compliance. [23] Among host-related factors, smoking is reported to be associated with Hp eradication failure, [24, 25] Itskoviz et al [25] have assessed the effect of smoking on Hp eradication after controlling socio-demographic confounding factors and find that smoking significantly increase the likelihood of first-line Hp treatment failure (OR = 1.15, 95% CI: 1.10-1.20). It has also been reported that females are more likely to fail for eradication (OR = 1.20, 95% CI: 1.14-1.25). However, these claims are not the case in current observation, probably due to patient population and living styles are very different. Further studies are required to understand these discrepancies by conducting large sample size, randomized studies.
This study has some limitations; first, it is a single-center study with relatively small sample size, and majority of patients living around Zhengzhou area. However, as a pilot experiment, the results could be helpful for future investigations involving large sample size, multicenter trails. Second, we did not subgroup our chronic gastritis patients into nonatrophy, atrophy, and intestinal metaplasia groups, which are other potential factors that might affect Hp eradication, as gastroscopy and tissue biopsy were not performed in all patients, this may result in subtle difference in Hp eradication rate which deserve further examination.
In conclusion, despite increasing CLA drug-resistance rate, the present study demonstrates that both FZD-based and CLA-based bismuth quadruple 14-day therapies are effective regimens for Hp eradication; both are safe, tolerable, and have good patient compliance. As FZD-based regimen is more cost-effective, it is therefore recommended as a first-line treatment regimen for clinical practice.
